Results: Depressive symptoms were more prevalent in individuals with higher perceived stress (prevalence ratio [PR] = 6.429, p o 0.001), evening types (PR = 2.58, p o 0.001) and poor sleepers (PR = 1.808, p = 0.046). Multivariate modeling showed that these three variables were independently associated with depressive symptoms (all p o 0.05). The PSQI items subjective sleep quality and sleep disturbances were significantly more prevalent in individuals with depressive symptoms (PR = 2.210, p = 0.009 and PR = 2.198, p = 0.008). Lower levels of morning cortisol were significantly associated with higher depressive scores (r = -0.335; p = 0.043). Conclusion: It is important to evaluate multiple factors related to sleep and chronotype in youth depression studies, since this can provide important tools for comprehending and managing mental health problems.
Introduction
The prevalence of mood disorders, such as major depression, is growing in young populations, and the impairment they cause may affect development and functionality. 1, 2 Such psychiatric disorders are essentially multifactorial, encompassing a set of mood and anxiety symptoms, as well as neurochemical balance, which is also related to altered sleep patterns and impaired circadian rhythm entrainment. 3, 4 Disrupted sleep increases vulnerability to psychiatric symptoms. 5, 6 Recent evidence from correlational and experimental studies in healthy adults suggests that a loss of sleep results in poorer emotional response, such as heightened reactivity to negative emotional experiences. 7, 8 Biological rhythmicity in mammals is generated by complex molecular machinery, and the main environmental cue that synchronizes biological clocks is the light-dark cycle. 9 However, social routines also interfere in this mechanism, since they determine light exposure and feeding times, as well as restactivity patterns. 10 Such changes in social routines have been considered risk factors for developing depressive symptoms. 11 Furthermore, theoretical models indicate that physiological response to chronic stress may function as a vulnerability factor, linking environmental stress or trauma to the etiology of depression. 12 Poorer mental health outcomes, such as depression, are associated with flatter diurnal cortisol rhythm, 13, 14 lack of control, negative affective reactions, and less ability to deal with stressors, which is measured by perceived stress.
We hypothesized that subjective factors related to stress, sleep, and circadian rhythm are independently linked to clinically significant depressive symptoms in young men. To test this, we assessed circadian typology, sleep quality, perceived stress, and social rhythm (both the regularity and volume of activities) in a homogenous sample of 18-year-old male recruits in compulsory military service. To further classify sleep quality in this population, we conducted a separate analysis aiming to understand how each domain of the Pittsburgh Sleep Quality Index (PSQI) was associated with depressive symptoms. We also hypothesized that the higher the depressive symptoms scores, the flatter the diurnal cortisol variation. To test this we measured salivary cortisol three times of a day: upon awakening, in the afternoon, and at bedtime.
Material and methods

Subjects and study protocol
The investigation was conducted in accordance with the latest version of the Declaration of Helsinki. The research ethics committee of the Hospital de Clínicas de Porto Alegre (HCPA), Brazil, approved all procedures (case 2015-0263 GPPG/HCPA).
Eligible participants were healthy young conscripts accepted for compulsory military service in the Brazilian Air Force (Canoas Air Force Base/ALA 3, Canoas, Rio Grande do Sul) between June and December 2015. Conscription is considered the period between compulsory enrollment and enlistment for duty, which in Brazil could last up to 12 months. The Regional Air Force Commander and other local authorities endorsed this study. All candidates had already passed the Air Force medical evaluation and physical fitness test. Exclusion criteria for this study were continuous medication, clinical comorbidities, or inability to understand the research instruments.
This study included 236 young male conscripts (all 18 years old) who were undergoing the standard psychological evaluation. Individuals who agreed to participate in the study protocol provided written consent after the nature of the procedures had been fully explained, and were led to a separate room where the research team guided self-completion of the study's instruments.
Study questionnaires
Beck Depression Inventory (BDI)
The self-reported 21-item BDI refers to symptoms and attitudes related to depression. In this study, individuals who scored 410 were considered to have clinically significant depressive symptoms, following the cutoff of Gomes-Oliveira et al. 16 for Portuguese-speaking nonclinical Brazilian populations, which demonstrated excellent internal consistency (Cronbach's alpha = 0.93).
Perceived Stress Scale (PSS)
This 10-item self-report questionnaire includes six items assessing lack of control and negative affective reactions and four positively stated items representing the ability to deal with stressors. The total score is obtained by reversing the responses to the four positively stated items (e.g., 0 becomes 4, etc.) and then summing all items. In this population, the 75th percentile of the total score was used to separate lower from higher perceived stress. The Brazilian Portuguese version of the PSS was validated by Luft et al., 17 showing good reliability (Cronbach's alpha = 0.83).
Morningness-Eveningness Questionnaire (MEQ)
This self-report questionnaire includes 19 questions related to individual preferences in the temporal organization of activities throughout the day based on an optimal sleep-wake cycle. 18 The global score is used to classify circadian typology, i.e., individuals are classified as morning-type (66-86), evening-type , and intermediate-type (45-65). These cutoffs were established for Brazilian populations by Benedito-Silva et al. 19 Pittsburgh Sleep Quality Index (PSQI) This self-report questionnaire was developed to assess sleep quality and disorders over the past month. The PSQI includes seven components: (C1) subjective sleep quality; (C2) sleep latency; (C3) sleep duration; (C4) habitual sleep efficiency; (C5) sleep disturbances; (C6) use of sleeping medication; (C7) daytime dysfunction.
The total score, i.e., the sum of all seven components, describes a continuum of impaired sleep. Individuals scoring 4 5 were considered to have poor global sleep quality. To analyze individual PSQI components, the first two (i.e., 0 and 1) and the last two (i.e., 2 and 3) scores were grouped to create separate cutoffs (described below). The Brazilian Portuguese version of the PSQI, which was validated by Bertolazi et al., presented good reliability (Cronbach's alpha = 0.82). 20 Social Rhythm Metric (SRM) SRM assesses social cues as a means of regularity in social routines and social activity level. The short version used in this study (SRM-6) consists of a list of six activities used to quantify an individual's daily social rhythms. 21 The recruits completed the scale one week prior to reporting for military training. Those who were enlisted delivered it to the researchers in person on enlistment day, while those were discharged from service delivered it by mail.
Two parameters are obtained from the SRM: a ''hit'' score, which reflects the regularity of activities, and the Activity Level Index (ALI), which refers to the volume of different activities in that period. A total of 178 participants completed the SRM-6. The Portuguese version of the SRM-6 was developed by Schimitt & Hidalgo. 21 
Salivary cortisol measurement
After the questionnaire assessment, the research team provided three Eppendorf flasks with a 1.5 mL sampling capacity for saliva collection at three times of day: morning (upon awakening), afternoon (between 4:00 p.m. and 5:00 p.m.) and night (just before going to bed). A random sample of 37 conscripts provided all three salivary samples. The participants were instructed to avoid eating and to perform brief oral hygiene with water before sample collection. They were also instructed to refrigerate the samples overnight before returning them between 6:30 a.m. and 7 a.m. the next morning. All samples were returned on the same day to the HCPA and were stored at -80 o C until further analysis. Biochemical analysis began by homogenizing and centrifuging the salivary samples at 3,000 g for 10 minutes to remove debris. The samples and reagents were handled at room temperature, and the assay was conducted according to manufacturer instructions. Each sample was analyzed in duplicate and the salivary cortisol levels (ng/mL) (DBC-Diagnostics Biochem Canada Inc., London, Canada) were determined by enzyme-linked immunosorbent assay (ELISA). The sensitivity of the ELISA kit was 1.0 ng/mL, with an inter-assay variability of 8% and an intra-assay variability of 8.7%. The presented results are the mean of the duplicates of each sample. We used a computerized method (My Assays; https://www.myassays.com/home.aspx) with a fourparameter curve fit to obtain the results.
Statistical analysis
The Shapiro-Wilk test was used to assess the normality of data distribution. For parametric variables, groups were compared using Student's t-test for independent samples. ANOVA with Tukey post-hoc analysis was used to assess differences in mean cortisol levels between the three sampling times. These results are expressed as mean and 95% confidence interval (95%CI). Data with non-Gaussian distributions (i.e., ALI scores) were compared using the Mann-Whitney U test and are expressed as median 6 interquartile range (IQR).
Univariate analysis with robust Poisson regression was performed to obtain prevalence ratios (PR) for continuous variables (as covariates) and categorical variables (as cofactors). Multivariate modeling with robust Poisson regression was also performed. Variables reaching a significance level of 0.2 in the univariate models were entered the multivariate analysis. The same significance levels were used for all steps of the multivariate models. Parametric tests were used to compare cortisol levels with BDI scores and obtain Pearson's correlation coefficient. A quadratic regression model was used to test for non-linear effects of the correlation between cortisol and BDI scores.
Statistical analysis was performed using SPSS version 19 for Windows and all graphs were generated using GraphPad Prism version 7.0 for Windows. Values of p o 0.05 were considered statistically significant.
Results
The mean BDI score in this population was 6.9366.79. Using the cutoff established for non-clinical populations (i.e., BDI 4 10), 44 (18.6%) individuals had clinically significant depressive symptoms and 192 (81.4%) did not.
Associations between depressive symptoms and perceived stress, chronotype, and sleep quality Table 1 shows the descriptive statistics of questionnaire data for the total sample, as well as the distribution comparisons between these groups. Table 2 shows estimated PR of depressive symptoms based on the questionnaire data for each BDI group. Perceived stress was significantly different (t = -7.828, p o 0.001) between groups. In the BDI 4 10 group, 68.2% of the participants were considered to be suffering from higher stress (w 2 = 53.785, p o 0.001), a PR of 6.429 compared to the lower perceived stress group (95% CI 3.665-11.275, p o 0.001). Crosstab analysis also showed significant between-group differences for chronotype (w 2 = 12.666, p = 0.002). Although 22.9% of the total sample could be classified as evening types, 43.2% of the BDI 4 10 group fall into this category. No differences were found between morning types and intermediate types. In addition, the total sleep quality score differed significantly between the BDI groups (t = -3.828, p o 0.001). Social rhythm (both ''hit'' and ALI scores) did not differ between the BDI groups. Table 2 shows the multivariate model developed to determine the interactions between BDI scores X 10 and perceived stress, circadian typology, and sleep quality.
Associations between Pittsburgh Sleep Quality Index (PSQI) components and depressive symptoms
A separate univariate analysis of variance was conducted to identify to what extent each PSQI component (PSQI-C) is associated with depressive symptomatology (Table 3) . Five components were entered into the multivariate model. At the final step, subjective sleep quality (PSQI-C1; PR = 2.210, 95%CI 1.214-4.021, p = 0.009) and sleep disturbances (PSQI-C5; PR = 2.198, 95%CI 1.234-3.916, p = 0.008) were significantly associated with depressive symptoms. Figure 1 shows all PSQI-C5 sleep disturbance questions. The questions that most directly contributed to higher PSQI-C5 scores were: ''Wake up in the middle of the night or early morning,'' ''Have to get up to use the bathroom,'' and ''Feel too hot.'' Positive responses to the other questions were less frequent in this population. 
Correlation between Beck Depression Inventory (BDI) score and salivary cortisol level
Discussion
This study found important associations between clinically significant depressive symptoms and perceived stress, circadian typology, and sleep quality in a homogenous non-clinical sample of young men. Our results provide further evidence about the multiple concomitant factors associated with depressive symptomatology in youth. We found a clinically significant depressive symptom prevalence of 18% in this sample, which is similar to the rate found in a previous population-based study of Brazilian adolescents. 22 
Perceived stress as a strong indicator of depression
Perceived stress was significantly higher in individuals suffering from depressive symptoms. Univariate analysis 
Table 3
Prevalence ratio (PR) and multivariate regression for predicting depressive symptoms (BDI showed a considerable PR of 6.42, which remained significant in the multivariate model. This indicates that young men suffering from clinically significant depressive symptoms are prone to reporting less control and more negative affective reactions, as well as with less ability to deal with stressors. Evidence from previous studies suggests that there is a consistent relationship between perceived stress and depression, i.e., that pro-inflammatory response to an acute stressful event is increased by factors such as loneliness, subclinical depression, and major depression. 23 Furthermore, life stressors are associated with the recurrence of depression. 24 Our results strongly indicate that mental health professionals should further investigate depressive mood in youth who report high perceived stress.
Correlation between low morning cortisol and depressive symptoms
Cortisol distribution across times of day occurred as expected, 25 since average levels were significantly higher in the morning and lower at night. Our results demonstrate a significant negative correlation between BDI score and morning salivary cortisol level. Internalizing problems, including depression, anxiety, and somatic complaints, were associated with gradual declines in cortisol production among adolescents. 26 A previous study with a sample of healthy medical students found that the area under the curve of daily cortisol secretion was significantly lower in an acute stress phase than in a control situation. 27 Sleep quality, sleep timing, and circadian typology Sleep quality was strongly associated with depressive symptoms and stress. 28, 29 The literature suggests that, in young adults, poor sleep quality is associated with altered cortisol response following an acute stressor. 30 Moreover, misperception and poor insight regarding sleep problems are prevalent in clinical depression. 31 The high prevalence of poor sleep quality in our sample agrees with the findings of a previous large population study of older adolescents and young adults in which more than 60% had poor sleep quality according to the PSQI. 32 In our sample, two components of the PSQI score seemed to play a major role in clinically significant depressive symptoms: subjective sleep quality and sleep disturbances. Among factors included in the sleep disturbances component, ''wake up in the middle of the night or early morning,'' ''have to get up to use the bathroom,'' and ''feel too hot'' occurred with significant frequency in our population. These are common factors modifiable through sleep hygiene awareness, in contrast with respiratory problems, pain or nightmares (Figure 1) . Thus, sleep hygiene advice is an efficient behavioral intervention for improving sleep health and depressive symptoms in young populations. 33 Moreover, there are different physiological predispositions regarding sleep timing over a 24-hour period. 34 In our sample, evening types were more prone to report depressive symptoms. However, recent studies indicate that the cognitive and affective impairment found in these individuals are not intrinsic to circadian typology itself but to chronodisruption. That is, due to the constant mismatch between their biological and social times, evening-types suffer more from sleep-related disturbances, including sleep deprivation, hypersomnia, and social jetlag. 35 Nevertheless, our results cannot corroborate this hypothesis, since we did not evaluate variables related to chronodisruption. No differences could be found for morning types. Nevertheless, we point out that these individuals correspond only to 2.5% of the sample, which hinders the statistical inference.
The relevance of social rhythm in mood dysfunctions
Previous studies have reported important relationships between social rhythm and depression. Stetler et al. 36 evaluated 50 depressed individuals and matched controls, showing intersections of activity regularity (''hit'' score) and circadian variations in cortisol. The controls in their study presented significant correlations between ''hit'' scores and cortisol decline throughout the day, reflected in greater cortisol secretion. Another study from our group found that the regular activity of work days correlates with fewer minor psychiatric symptoms. 37 The results of the present study do not support an association between disrupted social rhythm and depressive symptoms. Certain methodological limitations might explain why we could not reproduce the previous findings. First, the data collection time was different from that of the previous study. In our sample, SRM data was collected during one week, although some studies have recommend a minimum of three weeks to provide a more accurate score. 38 Nevertheless, other studies have reported using data from a single week. 37, 39 Furthermore, despite the homogeneity of our population, no records of work activity were recorded. Therefore, we could not determine the influence of social routines as a social zeitgeber (time regulator). If some of the presented issues had been addressed as recommended by previous studies, the social rhythm variables might have been associated in our population.
Strengths and limitations
A recent review article by Pemberton & Fuller-Tyszkiewicz 4 describes a series of factors related to depressive mood states, which include poor sleep and stressful negative events. The authors point out that the evaluation of multiple factors in a single study is rare. Furthermore, we chose to examine cortisol at three different times of day, although most studies involve only one. Our study provides supportive evidence that multifactorial relationships are related to clinically significant depressive symptoms in non-clinical populations. It is important to point out that we studied a very homogenous sample (i.e., otherwise healthy 18-year-old men not on continuous medication), which provides internal consistency to our findings. We also emphasize that, even though we found strong associations, our study cannot determine causal relationships due to its cross-sectional design. Future studies could contribute to this topic by assessing similar multifactorial relationships before and after acute stressors in similar vulnerable populations. Moreover, our study was primarily based on self-reported measurements, and no diagnostic interview was performed.
Conclusions
There is an evident need in the biomedical literature for multifactorial approaches in the study of mood symptoms. Our study is relevant due to its high internal consistency (given the homogeneity of the sample), as well as for evaluating several concomitant variables. Although causal relationships could not be established, we highlight the strong associations between depressive symptoms and high perceived stress, cortisol secretion disturbances, poor sleep quality and eveningness. Investigating chronotype and sleep quality in adolescents and young adults can provide important tools for understanding and managing mental health problems, considering their significant associations with clinically significant depressive symptoms.
